Objectives. Anti-tumour necrosis factor therapy with infliximab has been shown to improve signs and symptoms of patients with active ankylosing spondylitis (AS). The objective of this article was to study the effect of infliximab on structural changes in AS over 4 yrs. Methods. Conventional radiographs of the cervical and the lumbar spine of 33 AS patients at baseline (BL), after 2 (FU1) and after 4 yrs (FU2) of infliximab therapy were scored by the modified Stokes ankylosing spondylitis spinal score (mSASSS). Definite baseline damage was defined when at least one syndesmophyte (mSASSS !2) was seen. Definite radiographic progression was defined as a change from 0 or 1 to syndesmophytes or ankylosis (mSASSS !2). Results. The mean change over 4 yrs was 1.6 AE 2.6 mSASSS units (P ¼ 0.001), (0.9 AE 2.3 for BL-FU1 vs 0.7 AE 1.6 for FU1-FU2). This is less radiographic progression in comparison with published data from the OASIS cohort (4.4 within 4 yrs). Definite radiographic progression was found in 10/33 (30.3%) patients for BL-FU2. Patients with definite damage at BL developed more chronic changes at FU2 (2.3 AE 3.1, P ¼ 0.003) than those with no damage at BL (0.7 AE 1.5, P ¼ 0.08). Four out of seven patients with no damage at BL showed radiographic deterioration after 4 yrs. The change of the mean mSASSS in comparison with BL was significantly different after 2 (P ¼ 0.007) but not after 4 yrs of infliximab therapy. Conclusions. There is some radiographic progression after 2 and 4 yrs of infliximab therapy in AS patients. A comparison with the historical OASIS cohort suggests that infliximab may decelerate progression of structural changes. Larger studies are needed to confirm this finding.
Introduction
Ankylosing spondylitis (AS), the most frequent inflammatory rheumatic disorder that affects the axial skeleton, affects young male and female patients usually starting in the third decade of life. The leading clinical symptom is inflammatory back pain [1] . Structural changes in the axial skeleton are pathognomonic for AS: the features of new bone formation such as syndesmophytes and ankylosis are visualized by radiography. Imaging of active and structural changes is important for diagnosis, classification and monitoring of AS patients.
Therapy of active AS patients with the anti-TNF agent infliximab has shown clinical efficacy in randomized controlled trials (RCTs) [2, 3] . In accordance, improvement of active spinal lesions after therapy with infliximab has been demonstrated by MRI [4] .
The modified Stokes ankylosing spondylitis spinal score (mSASSS, [5] ) has been identified as the most sensitive and valid scoring method [6] for the evaluation of chronic spinal changes as assessed by conventional spinal radiographs in AS. In addition, the presence of radiographic damage at presentation has been reported to be the most sensitive predictive factor for future radiographic progression.
Recently we reported on the development of structural spinal changes in AS patients after 2 yrs of continuous treatment with infliximab. Patients who had participated in the first RCT of infliximab in AS performed in Germany [2, 7] , showed less radiographic progression in comparison with patients followed up in historical cohorts who had been treated conventionally over the same time period. Similarly, definite radiographic progression was found to be best assessed by calculation of the proportion of patients with progression from no changes or simple structural changes (mSASSS '0' or '1') to syndesmophytes or ankylosis (mSASSS '2' or '3', respectively) [8] .
In the present publication, we present the first long-term follow-up results of the radiographic progression in AS patients after 4 yrs of infliximab therapy.
Methods

Patients and study protocol
All 33 patients included in this study had participated in the original RCT on the clinical efficacy of infliximab in patients with active AS recently published [2, 3, 7] . Briefly, all AS patients were treated with 5 mg/kg infliximab i.v. continuously every 6 weeks for 3 yrs, showing rapid and persistent improvement of disease signs and symptoms over the entire study period. According to the clinical study protocol, all patients withdrew treatment after 3 yrs of continuous infliximab therapy and were re-infused with infliximab in the same dosage in case of a clinical relapse [9] . The median time to relapse had been relatively short: 14.6 weeks. According to the study protocol all patients gave informed consent and agreed to take part in this radiographic substudy of the clinical study [2] . The clinical study including the substudy was approved by the local Ethics Committees of each participating centre.
The main inclusion criterion for the evaluation of the radiographics was participation in the trial during the entire study period of 4 yrs. Another prerequisite for inclusion was the availability of complete sets of radiographs [both the cervical (CS) and the lumbar (LS) spine] at all time points: at the start of the clinical study (BL) and after 2 (FU1) and 4 yrs of the clinical study (FU2). Finally, the complete CS and LS had to be captured on the film (see subsequently).
Radiographic assessment of structural spinal changes by using the mSASSS All images were blinded by an independent person before they were scored by one experienced reader (X.B.) using the mSASSS [5] . The mSASSS has been described extensively elsewhere [10, 11] . Briefly, it evaluates the anterior vertebral edges of the CS and the LS by grading the presence of chronic changes using a score between 0 and 3 [12] . The total range of the score is 0-72 scoring points. Since not all radiographs are qualitatively equal (e.g. over-or underexposure of the radiograph) and not all spinal segments are always completely captured on the film, some sites may be missing for evaluation. Patients who had more than three vertebral sites missing were excluded, as previously reported [12, 13] . In cases with 3 vertebral edges missing, these scores were substituted by the mean score of the vertebra of the same spinal segment.
With respect to the definition of mSASSS, damage at BL was defined as a score of !1 (sclerosis or erosion), and definite radiographic damage was defined as a score of !2 (appearance of at least one syndesmophyte) in at least one vertebral edge, in accordance to a recent proposal [8] .
Comparison of the radiographic progression was performed by evaluating the change of the mSASSS between time points. Any radiographic change was defined as worsening or improvement of !1 mSASSS units, and definite radiographic change as the change from mSASSS scorings of '0' (no damage) or '1' (sclerosis, squaring or erosion) to '2' (syndesmophyte') or '3' (bridging syndesmophyte/ankylosis) between time points.
Statistical analysis
The correlations at different time points were calculated by Pearson's correlation coefficient. Non-parametric tests were applied to identify radiographic progression. For comparisons between time points, the Wilcoxon test was used and for comparisons within patient subgroups, the McNemmar test.
Results
Patient's characteristics at baseline
Altogether, there were 33 patients with AS with a complete set of X-rays of both time points. The baseline characteristics of the patients included in the study are shown in Table 1 . The baseline characteristics of the patients of the OASIS cohort [12] shown for comparison are similar-with the exception of the Bath AS disease activity index (BASDAI, [14] ) (Table 1 ).
Descriptive analysis of the radiographic evaluation
In the analysis of the entire patient population, the mean mSASSS was 11.6 AE 15.3 at BL, 12.5 AE 16.7 at FU1 (P ¼ 0.005 as compared with BL) and 13.2 AE 16.7 at FU2 (P ¼ 0.001 as compared with BL, P ¼ 0.02 as compared to FU1) (Fig. 1) .
Radiographic damage was detected in 26/33 patients (78.8%) at BL and in 30/33 patients at FU2 (90.1%). This means that 4/7 patients (57.1%) with no radiographic damage at BL showed signs of new chronic spinal lesions after 4 yrs. Of those four patients, only one patient showed definite radiographic deterioration, while the other three patients developed only minor changes.
Any radiographic progression was seen in 10/33 patients (30.3%) between BL and FU1, and in 9/33 patients (27.3%) between FU1 and FU2 (P ¼ NS). Overall, 17/33 patients (51.5%) showed radiographic progression at FU2 in comparison with BL.
Definite radiographic progression, was found in only 7/33 patients (21.2%) between BL and FU1, in 5/33 (15.2%) between FU1 and FU and in 10/33 (30.3%) patients between BL and FU2. This is less than the proportion of patients with any radiographic progression.
Radiographic progression in relation to the degree of baseline damage
Patients with radiographic damage at BL showed significant worsening of chronic spinal changes after 4 yrs (2.3 AE 3.1, P ¼ 0.003 as compared with BL), in contrast to patients with no definite radiographic damage at BL (mSASSS progression 0.7 AE 1.5, P ¼ 0.08). Similarly, intermittent mSASSS change (change between BL and FU1) was only significant for patients with definite damage at BL (mSASSS change 1.7 AE 2.9, P ¼ 0.005) but not for patients without BL damage (mSASSS change ¼ 0).
The radiographic progression between FU1 and FU2 (0.6 AE 1.8 and 0.7 AE 1.5 for patients with and without BL damage, respectively) was not significant for either group.
Furthermore, the between-group comparison of the mean mSASSS change as compared with BL showed statistically significant differences after the first 2 yrs (P ¼ 0.007) but not after 4 yrs of infliximab treatment (P > 0.05). With the exception of the baseline BASDAI score, all other baseline characteristics were similar for both cohorts. The difference in BASDAI values depends on the high BASDAI score of !4 as inclusion criterion in the infliximab study, in contrast to the OASIS cohort that did not have such inclusion criterion.
FIG. 1.
Course of radiographic deterioration in all patients included in this study under infliximab therapy ('infliximab study') as compared with patients treated conventionally in the OASIS cohort.
Finally, 7/18 patients (38.9%) with definite damage at BL but no patient with no definite BL damage showed definite deterioration between BL and FU1. At FU2, there was one additional patient (overall 8/18 patients, 44.4%) from the group with definite baseline damage but still no patient from the group with no baseline damage showing radiographic definite radiographic change.
Discussion
The present study suggests that treatment with the anti-TNF-a antibody infliximab does not completely inhibit, but may decelerate radiographic progression in patients with AS over 4 yrs. Recently, we reported that AS patients may benefit from anti-TNF therapy clinically [7] and also regarding structural damage [13] after 2 yrs in comparison with data from historical cohorts [13] . Here we extend this experience by reporting the radiographic scores after 4 yrs.
It seems clear now that, in contrast to RA [15] , there is some radiographic progression in patients with AS over 2 and 4 yrs of anti-TNF therapy. This may be due to the rather different nature of structural changes in AS, as compared with RA where we are dealing with osteodestructive changes rather than new bone formation. TNF-a has been shown to play a key role in skeletal disease because it promotes reduced bone formation by mature osteoblasts and increased osteoclastic resorption [16] [17] [18] . Patients with prevalent definite radiographic damage at BL had more radiographic progression than patients with no damage at BL, but this was only significant after 2, but not after 4 yrs. Importantly, there was no significant radiographic progression in the group without baseline radiographic damage after 4 yrs. This suggests that there was no new bone formation in this patient group in the present study. However, it is unclear whether this is due to anti-TNF therapy or rather represents the natural course of disease since it is well established that many AS patients do not progress-at least as assessed by the mSASSS [19] .
Since the mean mSASSS change in the between-group comparison was only significant between BL and yr 2 but not between yrs 2 and 4 of the study, the study design deserves special attention because the protocol had been to discontinue infliximab after 3 yrs of continuous therapy and restart only after clinical relapse [9] .
Furthermore, we have reported that spinal inflammation was not completely suppressed after 2 yrs of anti-TNF therapy [20] . The small amount of inflammation still present after 2 yrs of anti-TNF therapy may be independent of TNF-a and may be responsible for the incomplete inhibition of new bone formation. This is similar to recent results from animal models, where evidence for partial uncoupling of inflammation and new bone formation was found [21] .
Second, the comparison to the historical OASIS cohort [12] suggests that the mean scores of radiographic change are less pronounced in the infliximab-treated patients (mSASSS change 1.6 AE 2.6 after 4 yrs) as compared with the patients of the OASIS cohort (mSASSS change 4.4). However, these were consecutive patients not included on the basis of high disease activity as it was the case in our patients. Thus, these conventionally treated patients are at least in part not comparable with those in our study. However, the baseline data of the two groups were similar except for the BASDAI scores. Thus, it is even more likely that the observed difference in radiographic progression may reflect a real difference. This would indicate that the speed of progression of structural changes may be reduced by infliximab therapy.
Furthermore, there are differences in the scoring process which deserve attention. The radiographs of the OASIS cohort have also been scored by the mSASSS but in a chronological time order-in contrast to the concealed time order used in our study, and the former is known to be more sensitive to change [22] . In a more recent study on a 2-yr therapy with etanercept, radiographs of the OASIS cohort have been systematically mixed with trial images [23] . Since often new readers do the scoring, the numbers indicating the rate of progression tend to vary substantially [12, 22] . This makes the interpretation and comparison of data even more difficult. However, the OASIS data are the only 4-yr X-ray data in AS available for comparison at present.
As already mentioned, the number of patients with definite radiographic change after 2 yrs was less in the group with no definite radiographic damage at BL (n ¼ 0 at FU1, n ¼ 2 at FU2) as compared with the group with definite baseline damage (n ¼ 3 at FU1, n ¼ 4 at FU2). Although these numbers are rather small, the thus derived possible hypothesis is that the overall radiographic progression in AS patients could have been even less if anti-TNF therapy would have been initiated in an earlier phase of disease before radiographic damage has occurred.
In summary, this study suggests that infliximab may decelerate but not inhibit structural progression in patients with AS. The ongoing large trials with the anti-TNF compounds-infliximab, etanercept and adalimumab-will hopefully shed further light on these important questions.
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